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1. Convoluted avalanche profiles from different transfer functions 
 
Fig. S1 shows the convolution from a randomly selected avalanche profile V(t) 
of the collapse model with three different transfer functions. We consider 𝑇(𝑡) =
cos(𝑤𝑡) 𝑒−𝑞𝑡 as the response of a damped harmonic oscillator, 
𝑇(𝑡) = cos(𝑤𝑡) 𝑒−𝑞𝑡
2
 where the damping is a Gaussian function instead of an 
exponential function. The Gaussian function accounts for wave reflections (with 
a Gaussian distribution) on the sample. Finally we consider 𝑇(𝑡) =
1
𝑡𝑠𝑐𝑎𝑙𝑒𝑡
𝐽0(𝑡𝑠𝑐𝑎𝑙𝑒𝑡), where 𝐽0 is the Bessel function of the first kind of order 0, 
reported as a solution for forward propagation of time evolving acoustic pressure 
[1]. The upper graphs of (a, b, c) shows convoluted shapes AAE(t) that resembles 
the typical acoustic emission time profiles. However, by changing some of the 
parameters of the transfer functions, the convolution becomes non-oscillatory. 
Therefore, we choose parameters that produce the convolutions closer to the 
typical acoustic emission pulses measured experimentally (Fig. S2). We obtain 
similar scaling results for 𝑇(𝑡) = cos(𝑤𝑡) 𝑒−𝑞𝑡
2
 and 𝑇(𝑡) = cos(𝑤𝑡) 𝑒−𝑞𝑡 and 




𝐽0(𝑡𝑠𝑐𝑎𝑙𝑒𝑡) the convoluted waveforms are oscillatory (Fig S1 c 
upper panel) but the avalanche profile V(t) is modified in the first half period and 
then barely changes its shape. The complete convolution analysis is shown in 
section 3.  
 
 
Figure S1. Example of a random selected avalanche profile V(t) from the 
Collapse model convoluted with different transfer functions. (a) 
𝑇(𝑡) = cos(𝑤𝑡) 𝑒−𝑞𝑡
2
 at two different frequencies w= 1/a.u. and  w= 10/a.u. (b) 




𝐽0(𝑡𝑠𝑐𝑎𝑙𝑒𝑡) for two different time scales tscale=1 and tscale=10. 
 
 
Figure S2. Three experimental AE pulses events with different durations 
measured on BaTiO3 (111) during ferroelectric switching. Details of the 
measurement can be found in [2]. 
2. Duration with different thresholds 
In Fig. S3 we show impact of the threshold on the duration D defined as 𝐷 =
𝑡(|𝛹(𝑡 → 𝑡𝑛)| < 𝛹𝑡ℎ); where 𝛹𝑡ℎ is a threshold in 𝛹(𝑡) and tn is a waiting 
time. 
 
Figure S3. Duration D from the avalanche profiles V(t) from the collapse model 
and after convolution AAE(t) with 𝑇(𝑡) = cos(𝑤𝑡) 𝑒−𝑞𝑡
2
 computed from two 
different thresholds 𝛹𝑡ℎ = 1 and 𝛹𝑡ℎ = 0.01.  
3. Convolution with a gaussian decay 
We analysed the convolution for 𝑇(𝑡) = cos(𝑤𝑡) 𝑒−𝑞𝑡
2
 for the average 
avalanche source function 𝑉(𝑡) = 𝑎𝑡𝑒−𝑏𝑡
2
 by changing the b parameter (Fig. S4), 
for the collapse model (Fig. S5) and for the slip model (Fig. S6). In all three cases 
the scaling relations are very similar to the convolution with the Gaussian decay 




Figure S4. V(t) is the averaged source function 𝑉(𝑡) = 𝑎𝑡𝑒−𝑏𝑡
2
 with variable b 
parameter. (a) Example of convolution leading to AAE(t) with an avalanche profile 
V(t) (in red) and a transfer function 𝑇(𝑡) = cos(𝑤𝑡) 𝑒−𝑞𝑡
2
 (in black). (b) 
Examples of 6 convoluted avalanche profiles for different source functions V(t) 
with different durations, and the same transfer function. Both convoluted and 
original profiles are normalized with respect to their maxima. (c-f) scaling 
relations 𝐸 ~ 𝐴𝑚𝑎𝑥
𝑥  (c), 𝑆 ~ 𝐴𝑚𝑎𝑥
𝛾
 (d), 𝐴𝑚𝑎𝑥 ~𝐷
𝜒 (e) and 𝐴𝑚𝑎𝑥  ~𝑅
𝜉 (f) for the 
original V(t) profiles (red points) and after the convolution AAE(t) (blue points). 
 
Figure S5. V(t) of the collapse model: (a) Example of convolution leading to 
AAE(t) with an avalanche profile V(t) (red) and a transfer function  𝑇(𝑡) =
cos(𝑤𝑡) 𝑒−𝑞𝑡
2
  (black). (b) Examples of 6 convoluted avalanche profiles for 
different source functions V(t) with different durations, and the same transfer 
function. Both convoluted and original profiles are normalized with respect to 
their maxima. (c-f) scaling relations 𝐸 ~ 𝐴𝑚𝑎𝑥
𝑥  (c), 𝑆 ~ 𝐴𝑚𝑎𝑥
𝛾
 (d), 𝐴𝑚𝑎𝑥 ~𝐷
𝜒 (e) 
and 𝐴𝑚𝑎𝑥 ~𝑅
𝜉 (f) for the original V(t) profiles (red points) and after the 
convolution AAE(t) (blue points). 
 
 
Figure S6. V(t) of the spin slip model: (a) Example of convolution leading to 
AAE(t) with an avalanche profile V(t) (red) and a transfer function 𝑇(𝑡) =
cos(𝑤𝑡) 𝑒−𝑞𝑡
2
 (black). (b) Examples of 6 convoluted avalanche profiles for 
different source functions V(t) with different durations, and the same transfer 
function. Both convoluted and original profiles are normalized with respect to 
their maxima. (c-f) scaling relations 𝐸 ~ 𝐴𝑚𝑎𝑥
𝑥  (c), 𝑆 ~ 𝐴𝑚𝑎𝑥
𝛾
 (d), 𝐴𝑚𝑎𝑥 ~𝐷
𝜒 (e) 
and 𝐴𝑚𝑎𝑥 ~𝑅
𝜉 (f) for the original V(t) profiles (red points) and after the 
convolution AAE(t) (blue points). 
 
4. Convolution with Bessel functions 
Here we analyse the convolution for 𝑇(𝑡) =
1
𝑡
𝐽0(𝑡) for the average avalanche 
source function 𝑉(𝑡) = 𝑎𝑡𝑒−𝑏𝑡
2
 by changing the b parameter (Fig. S4), for the 
collapse model (Fig. S5) and for the slip model (Fig. S6). In all three cases the 





Figure S7. V(t) is the averaged source function 𝑉(𝑡) = 𝑎𝑡𝑒−𝑏𝑡
2
 changing the b 
parameter: (a) Example of convolution leading to AAE(t) with an avalanche profile 
V(t) (in red) and a transfer function 𝑇(𝑡) =
1
𝑡
𝐽0(𝑡) (in black). (b) Examples of 6 
convoluted avalanche profiles for different source functions V(t) with different 
durations, and the same transfer function. Both convoluted and original profiles 
are normalized with respect to their maxima. (c-f) scaling relations 𝐸 ~ 𝐴𝑚𝑎𝑥
𝑥  (c), 
𝑆 ~ 𝐴𝑚𝑎𝑥
𝛾
 (d), 𝐴𝑚𝑎𝑥 ~𝐷
𝜒 (e) and 𝐴𝑚𝑎𝑥 ~𝑅
𝜉 (f) for the original V(t) profiles (red 
points) and after the convolution AAE(t) (blue points). 
 
Figure S8. V(t) of the collapse model: (a) Example of convolution leading to 




(black). (b) Examples of 6 convoluted avalanche profiles for different source 
functions V(t) with different durations, and the same transfer function. Both 
convoluted and original profiles are normalized with respect to their maxima. (c-
f) scaling relations 𝐸 ~ 𝐴𝑚𝑎𝑥
𝑥  (c), 𝑆 ~ 𝐴𝑚𝑎𝑥
𝛾
 (d), 𝐴𝑚𝑎𝑥 ~𝐷
𝜒 (e) and 𝐴𝑚𝑎𝑥 ~𝑅
𝜉 




Figure S9. V(t) of the slip model: (a) Example of convolution leading to AAE(t) 




(black). (b) Examples of 6 convoluted avalanche profiles for different source 
functions V(t) with different durations, and the same transfer function. Both 
convoluted and original profiles are normalized with respect to their maxima. (c-
f) scaling relations 𝐸 ~ 𝐴𝑚𝑎𝑥
𝑥  (c), 𝑆 ~ 𝐴𝑚𝑎𝑥
𝛾
 (d), 𝐴𝑚𝑎𝑥 ~𝐷
𝜒 (e) and 𝐴𝑚𝑎𝑥 ~𝑅
𝜉 
(f) for the original V(t) profiles (red points) and after the convolution AAE(t) (blue 
points). 
 
5. PDFs before and after convolution 
Figure S10 shows the PDFs of the avalanche magnitudes Amax, E and S, before 





Figure S10. PDFs of the avalanches magnitudes before (Amax, E, S red squares) 
and after convolution (Amax AE, EAE, SAE blue squares) of the collapse model (a, b 
and c) and of the slip model (d, e and f). The convolution magnitudes have been 
shifted for visual reasons. 
 
  
6. Average source function of the collapse model 
 
Figure S11. Average of 20 avalanches profiles obtained from the collapse model  
with same size  (<V(t)>) and the fitting with the toy model (avalanche source 





7. Duration and Rise Time 
 
We now explore the PDFs of the duration D and the rise time R after convolution 
from the collapse model and the slip model. Fig S8. shows that the PDFs of the 
duration after convolution (blue points) do not preserve the scaling of the original 
V(t) (red points). The rise time scaling preserves the same power law after (green 
points) and before (magenta points) the convolution, however. These results show 
that the use of the rise time RAE is an equally good, or even better, parameter to 
characterise the avalanches compared with the duration D. The rise time exponent 
(i.e. the power law decay exponent of the PDF of R) is =2.2 for the collapse 
model (fig. S12 a) and =1.8 for the slip model (fig. S8 b), both are conserved 
after convolution while the duration exponent (of the PDF of D)  varies greatly. 
The PDFs of Amax, E, and S for both models are shown in the supplementary 
material (section 4). 
 
 
Figure S12. PDFs of the duration 𝑃𝐷𝐹(𝐷)~𝐷𝛼 and the rise time 𝑃𝐷𝐹(𝑅)~𝑅𝜌 
for the original V(t) profiles (red and magenta) and after the convolution AAE(t) 
(𝛼′, 𝜌′ in green and blue) for the transfer function T = cos(𝑤𝑡) 𝑒−𝑞𝑡
2
. This 
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